Background. The objective of this study was to investigate the difference in disease severity between influenza A and B among hospitalized adults using a novel ordinal scale and existing clinical outcome end points.
Seasonal influenza is a common acute respiratory tract infection that leads to about 291 243-645 832 respiratory deaths globally each year [1] . Currently, strains from 2 subtypes of influenza A (H3N2, H1N1) and 2 lineages of influenza B viruses (Yamagata, Victoria) are the major causes of seasonal epidemics [2] . However, whether the illness severity caused by these influenza viruses is clinically similar in adults is controversial. For example, epidemiologic studies [1] [2] [3] indicate that influenza A (H3N2) subtype infections have caused higher influenza-associated hospitalizations and mortality among seasonal viruses, whereas recent hospital-based studies [4, 5] have suggested that clinical outcomes such as length of stay, mortality, pneumonia, hospitalization, intensive care unit (ICU) admission, and death did not differ by virus type. A systematic analysis pointed out that most studies have been based on population influenza surveillance or limited numbers of clinical cases and concluded that little evidence existed to show differences in the severity of illness caused by seasonal influenza viruses [6] . Therefore, more comprehensive studies are required to evaluate the comparative severity of illness caused by the 2 viruses in those hospitalized. During the 2017-2018 season, the percentage of clinical laboratory-tested specimens positive for the B/Yamagata lineage increased markedly in China [7] , largely consistent with findings from the US Centers for Disease Control and Prevention [8] . Consequently, we conducted a prospective observational study to compare the clinical features and outcomes between hospitalized patients with laboratory-confirmed influenza A and B virus infection.
Recently, a novel ordinal scale end point of hospitalized patient status was introduced in a post hoc analysis of outcomes in a randomized controlled trial (RCT) of immune plasma [9] . This scale placed patients into 1 of 7 mutually exclusive clinical categories, ranging from 1 (discharge from hospital with usual function) to 7 (death). Although the RCT did not find statistically significant differences in the time to resolution of respiratory insufficiency (defined as normalization of both respiratory rate [≤20 breaths per min for adults or below the age-defined thresholds of 20-38 breaths per min for children] and SpO2 ≥93% on room air and resolution of tachypnea), the immune plasma group showed significant improvements in outcomes on the 7-day ordinal scale compared with those not receiving plasma. Subsequently, similar versions have also been used as the primary end point in several large influenza clinical trials of therapeutics for hospitalized patients (registered at Clinical.Trials.gov: NCT03376321; NCT03684044). Though the specific form and utility of the ordinal end point scale are yet to be fully validated [10] , it provides a new way to assess clinical outcomes of hospitalized patients with influenza virus infection. However, the distribution of patients across the clinical status categories is obviously influenced by reasons for hospitalization, the duration and severity of illness, and treatments (antivirals, supportive care) provided. Consequently, it is possible that using a single fixed day to assess the ordinal scale could miss clinically relevant differences between patient groups of interest.
Consequently, we compared the difference in clinical severity between hospitalized patients with laboratory-confirmed influenza A and B virus infection by measuring clinical improvement based on the modified 7-category ordinal scale as the primary end point, along with other existing outcome measures.
METHODS

Study Population and Ethical Approval
A prospective observational study was conducted among hospitalized adult patients with laboratory-confirmed, seasonal influenza infection at the China-Japan Friendship Hospital. Patients admitted to the China-Japan Friendship Hospital between October 1, 2016, and June 1, 2018, were recruited. According to current guidance [11] , hospitalized influenza patients were treated with neuraminidase inhibitors (NAIs) as soon as possible if they visited or were hospitalized within 48 hours from illness onset. Otherwise, the use of antiviral therapy depended on the physician. In this study, the choice of antivirals was not restricted, and dosage of oseltamivir was either the standard or double dosing regimen (75/150 mg twice daily for 5 days). As this study was an observational study, other treatments and clinical decision-making (ie, indication of IMV, ECMO, and discharge) were conducted according to guidance and local clinical practices.
Ethical approval was obtained from the China-Japan Friendship Hospital Ethics Committee (Approval No. 2015-85). As an observational study, written informed consent was exempted, and only routine clinical microbiology and laboratory tests and collection of respiratory samples were permitted.
Virological Investigations
Respiratory specimens (including nasopharyngeal swab, sputum, bronchoalveolar lavage fluid, and endotracheal aspirate) were collected for detection of influenza viral RNA by real-time reverse transcription polymerase chain reaction (rRT-PCR) in our laboratory. Virus RNA was extracted from a 140-μL sample using the QIAamp Viral RNA Mini Kit (Qiagen, Hiden, Germany), from which 5 μL was used as a template for real-time amplification and detection using the SensiFAST Probe One-Step Kit (Bioline, London, UK) on the LightCycler 480 II system (Roche, Basel, Switzerland). The primers and probes targeted at FluA and FluB were provided by the Chinese National Influenza Center and the WHO Collaborating Centre for Reference and Research on Influenza. Details of laboratory confirmation of influenza virus were described previously [12] . To monitor influenza viral clearance, respiratory samples were collected daily for therapeutic monitoring and infection control. We defined the interval between symptom onset and the date of the last viral RNA-positive result of respiratory samples as the duration of viral RNA detectability.
Data Collection and Definitions
Once recruited, clinical information was recorded systematically each day from admission using a standardized electronic case record form, which included demographic characteristics, medical comorbidities, symptom/fever onset time, incident complications, requirements for oxygen therapy and ventilatory support, antiviral treatments, clinical responses, and outcomes.
The primary outcome was the integrated rate of clinical improvement up to 28 days after admission. Clinical improvement (the event) was defined as a decline of 2 categories on the modified 7-category ordinal scale of clinical status [9] from admission, or hospital discharge, whichever came first. Thus, the 7-category ordinal scale consisted of mutually exclusive categories as follows: category 7, death; 6, ICU hospitalization, requiring ECMO and/or invasive mechanical ventilation; 5, ICU hospitalization, not requiring ECMO and/or invasive mechanical ventilation; 4, non-ICU hospitalization, requiring supplemental oxygen; 3, non-ICU hospitalization, not requiring supplemental oxygen; 2, not hospitalized, but unable to resume normal activities; 1, not hospitalized with resumption of normal activities. The secondary outcomes included clinical status, assessed by the ordinal scale at fixed time points (days 7, 14, 21, and 28), time to hospital discharge or ICU discharge alive (if admitted to ICUs), time to weaning from supplemental oxygen supplement, incidence of influenza-related pneumonia, the rate of ARDS, the proportion of ICU admissions, and in-hospital mortality.
Statistical Analysis
Continuous variables were expressed as median (interquartile range [IQR]), and categorical variables were expressed as number (proportion). Two-group comparisons (influenza A vs B) were conducted by the Mann-Whitney U test or χ 2 test, as appropriate. Differences between rates of continuing ICU stay, continuing mechanical ventilation, in-hospital survival, and time to undetectable viral RNA of 2 viruses were portrayed by Kaplan-Meier curves and tested by log-rank tests, respectively. Then the difference between influenza A and B of the rate of clinical improvement was compared using unadjusted and adjusted ordinal logistic regression models and Cox proportional hazard models separately between the 2 virus infections from day 1 to day 28, and so did the difference for other outcomes.
All statistical tests were 2-sided, and probabilities of less than .05 were considered to be statistically significant. Statistical analyses were conducted using SAS software, version 9.4 (SAS Institute Inc.), unless otherwise indicated.
RESULTS
Admission Characteristics
Between October 1, 2016, to June 1, 2018, we enrolled 574 laboratory-confirmed influenza patients, which included 369 (64.3%) influenza A and 205 (35.7%) influenza B cases. The median age of these patients (IQR) was 63 (50-76) years. The median age (IQR) of patients with influenza A was 61 (48-74) years, significantly lower than those with influenza B (64 [55-77] years; P = .0303). There were 300 men (52.3%). The median days from illness onset to hospitalization in patients with influenza A virus infection was significantly longer than those with influenza B (median days, 5.9 vs 3.7; P = .0079). The proportions of people with diabetes, chronic obstructive pulmonary disease, heart disease, and pregnant women were similar between the 2 groups (Table 1 ). More patients with influenza B reported a history of malignancy, compared with those with influenza A (24.4% vs 10.3%; P < .001).
Illness Measures
The proportions with abnormal physical signs (including axillary temperature over 39°C and respiratory rate over 24 beats per minute) were higher in patients with influenza A than those with influenza B (Table 1 ). The proportion of those admitted to general hospital wards without supplemental oxygen was lower in influenza A (72.3%) than B (86.8%) virus infections ( Table 2) . The proportion of patients falling into a worse category of ordinal scale at day 1 was significantly higher in patients with influenza A than those with influenza B (P = .0005).
Laboratory Findings
On admission, 369 patients (64.9%) had a normal white blood cell (WBC) count. The median neutrophil count was significantly higher in patients with influenza A, compared with those with influenza B (4.6 × 10 9 /L vs 4.2; P = .0183). In addition, higher proportions of elevated aspartate aminotransferase (>40 U/L; 25.2% vs 16.4%; P = .016) and creatinine kinase (>185 μmol/L; 22.0% vs 13.6%; P = .0277), were observed in patients infected with influenza A than those infected with influenza B. The lymphocyte count, platelet count, serum creatinine level, and serum lactate dehydrogenase showed no significant differences when comparing the 2 groups (Table 1) .
Antiviral and Antibiotic Treatments
After admission, 80.3% of the patients were treated with a neuraminidase inhibitor. Most of them (79.1%) were given oral oseltamivir. The median time to starting antiviral treatments from symptom onset (IQR) was 5.4 (1.7-9.5) days. Among patients who received oseltamivir, 337 (73.6%) initiated treatment more than 2 days after illness onset. The median time to starting antiviral treatment was later in patients with influenza A than influenza B (median days, 5.9 vs 3.7 days; P = .0079). Antibiotics were administered in 481 patients (84.1%) and systemic corticosteroids in 197 (34.3%). There was no significant difference in the use of antibiotics and corticosteroids between influenza A and B virus infections (Table 2 ).
Outcomes
Clinical and Ordinal Scale Outcomes
In-hospital mortality was 9.8%, and by day 28 from admission, 34 (9. Table 2) . The distribution of patients falling into each category of the 7-category scale from admission to day 28 is shown in Figure  1 . Patients hospitalized but not requiring supplemental oxygen (category 3) accounted for a higher proportion among those hospitalized, and a higher proportion of more severe outcomes (categories 4-7) was observed in patients with influenza A than B on admission ( Figure 1 and Table 2 ). An ordinal logistic regression model comparing the category distributions from day 1 to day 28 showed a lower risk for worse outcomes in patients with influenza B virus infection compared with those with influenza A virus infection on most days (Figure 3; Supplementary  Figure 2) .
Patients with influenza B virus infection had significantly higher probability of clinical improvement compared with those with influenza A virus infection (unadjusted hazard ratio
[HR], 1.225; 95% CI, 1.021-1.471; P = .0292). In an adjusted analysis that incorporated the potential confounding factors (age, gender, heart disease, malignancies, 7-category point scale at day 1, and time from illness onset to starting antiviral treatments), a similar pattern was observed (adjusted HR, 1.266; 95% CI, 1.019-1.573; P = .0335) (Figure 2A ). Although pneumonia cases on admission were excluded, no significant difference was observed between infections of 2 viruses (adjusted HR, 1.25; 95% CI, 0.940-1.596; P = .1331), and further analysis on severity from day 1 to day 28 also showed a similar result (Supplementary Table 1 ).
Other Clinical Outcomes
The proportion weaned off supplemental oxygen by day 28 was 80.8% (298/369) in patients with influenza A and 89.8% (184/205) in those with influenza B (P = .0049). The Cox model b P values for difference in the distribution of scores on the 7-point scale at 7 and 14 days were obtained with the use of an ordinal logistic regression model, with adjustment for age, gender, heart disease, malignancies, and time from illness onset to starting antiviral treatment.
adjusted for potential confounding factors (age, gender, heart disease, malignancies, and time from illness onset to starting antiviral treatments, 7-category point scale at day 1) indicated that patients with influenza B infection had significantly higher probability of weaning oxygen supplement than those with influenza A infection (adjusted HR, 1.285; 95% CI, 1.030-1.603; P = .0261) ( Figure 2B ). Hospital discharge or ICU discharge alive (if admitted to ICUs) up to day 28 occurred in 308/369 (83.5%) patients with influenza A and 186/205 (90.7%) patients with influenza B (P = .0161). However, no difference was observed in the adjusted Cox model (adjusted HR, 1.185; 95% CI, 0.952-1.474; P = .1278) ( Figure 2C ).
During the hospital stay, viral pneumonia (39.8%) and ARDS (21.7%) were the most common complications. A higher incidence of viral pneumonia (46.5 vs 31.4%; P < .001) and ARDS (27.5 vs 11.2%; P < .001) was observed in patients infected with influenza A virus, compared with those with influenza B. Accordingly, more patients with influenza A were admitted to the ICU (24.7 vs 10.7%; P < .0001). However, the length of hospital stay did not differ between influenza A and B infections (median, 13.0 vs 12.0 days; P = .4137), and no significant difference in the length of ICU stay was found (median, 9.7 vs 12.6 days; P = .9624). A nonsignificantly higher risk of in-hospital mortality was noted in patients with influenza A compared with B (11.4 vs 6.8%; P = .2036). (Table 2 ). The Kaplan-Meier curves in Supplementary Figure 1 also showed no differences for rates of remaining ICU stay, rates of remaining IMV, overall survival, or rates of viral RNA positivity between the 2 virus infections.
Virology
The median (IQR) duration of viral RNA detection from illness onset was 10.6 (9.7-14.4) days. The median duration of detection was similar in the influenza A and influenza B groups (10.7 vs 10.0 days; log-rank test P = .9961) ( Table 2) .
DISCUSSION
In our prospective cohort study of adults hospitalized for influenza A or B virus infection, we found evidence for differences in both clinical presentation and recovery. The proportion with clinical improvement up to day 28 was significantly lower, and the proportions developing influenza-related pneumonia or ARDS and requiring ICU admission were significantly higher among patients with influenza A virus infection, compared with those with influenza B virus infection.
The clinical severity of influenza may have been affected by inherent differences in viral virulence [13, 14] and the role of cross-protective cell-medicated immunity [15] . Volunteer challenge studies have provided detailed data on frequency of symptomatic infection after infection among different influenza subtypes. A recent study also revealed that patients infected with influenza A developed more pneumonia and ICU admission than those with influenza B [6] . The participants with influenza B had a lower frequency of asymptomatic influenza infection [14] . This had previously been reported in a study analyzing the activation of the antiviral responses of human dendritic cells to influenza A or B virus infection. However, based on the present data, we found it hard to explain these differences.
The use of conventional outcomes (eg, mortality, length of stay) in previous studies does not include substantial amounts of outcome information over time and may lead to underestimation of the differences between serious influenza A and B virus illness in hospitalized adults [4, 5, 16] . For example, our study found that the length of hospital stay and the mortality rate of patients were comparable between the 2 virus infections and consistent with former studies [4, 5] . • ofid • 7 We systematically evaluated the severity of the 2 virus infections by clinical improvement based on a modified 7-category ordinal scale. Using the rate of clinical improvement, a significant difference in the rate was observed among patients with influenza A vs B virus infection. And the same pattern was found in the distribution of the proportion falling into each category of the 7-category scale at different time points. The clinical improvement assessed by the 7-category ordinal scale is able to capture a broad range of clinical states and track the status change of each patient from admission.
In this real-world study, there were some significant differences between the 2 groups, including time of initial antiviral treatment, age, and underlying diseases. To clearly identify the difference of illness between influenza A and B, these confounding factors were included in our multivariate model, and the same results were found in the multivariate analysis. Therefore, our data provided evidence that indicated that influenza A was somewhat more severe than influenza B virus infections in hospitalized adults. A similar time to viral clearance was observed in our study. In a previous observational study, early oseltamivir treatment was less beneficial for influenza B compared with influenza A virus infections in pediatric and adult outpatients [17] . Because the median time to oseltamivir initiation in our study was 5.5 days after illness onset, the opportunity for detecting clinical benefit from antiviral therapy was likely diminished [18] . Also, earlier antiviral therapy in patients with influenza B virus infection than those with influenza A may have promoted clearance of influenza B and reduced the difference in duration of viral clearance between the 2 viruses.
There are several limitations in our study. The time to clinical improvement was defined by changes in prospectively defined categories of clinical status. However, this end point does weaning oxygen supplement rate, and (C) ICU or hospital discharge alive rate from admission to 28 days. Hazard ratios were adjusted for age, gender, heart disease, malignancies, and time from illness onset to starting antiviral treatments. Clinical improvement was defined as discharge or a 2-step descrese on a 7-point ordinal scale of clinical status after admission. Abbreviation: CI, confidence interval.
not necessarily capture full recovery. For example, a patient receiving mechanical ventilation who experiences a 2-step decrease in category to being hospitalized on supplemental oxygen would be included as clinically improved, although not recovered. Also, decisions regarding clinical care interventions like ICU admission, mechanical ventilator support, use of supplemental oxygen, and hospital discharge vary widely across institutions and practitioners. This study was conducted in a single center and needs to be validated by multicenter studies. Second, the respiratory specimens were not collected to further identify the influenza A viral subtype or influenza B lineage. Therefore, we cannot conduct further analysis among the 4 strains of influenza virus: influenza A (H3N2, H1N1) and B (Yamagata, Victoria lineage) viruses.
CONCLUSION
Our findings indicate that influenza A infection may result in a worse clinical improvement than influenza B among hospitalized patients with influenza virus infection. The rate of clinical improvement assessed by ordinal scale might be a reasonable end point for patients hospitalized with influenza infection.
Supplementary Data
Supplementary materials are available at Open Forum Infectious Diseases online. Consisting of data provided by the authors to benefit the reader, the posted materials are not copyedited and are the sole responsibility of the authors, so questions or comments should be addressed to the corresponding author. Figure 3 . Effects of influenza A virus vs influenza B virus for worse clinical outcomes among hospitalized patients at days 7, 14, and 28 according to the 7-category ordinal scale end point. Odds ratios and 95% confidence intervals were estimated by ordinal logistic models based on the 7-point ordinal outcome scale, adjusting for age, gender, heart disease, malignancies, and time from illness onset to starting antiviral treatment. Patients hospitalized with influenza A virus infection were taken as the reference when modeling. Abbreviations: CI, confidence interval; ECMO, ; ICU, intensive care unit; OR, odds ratio.
